Abstract: Rumors about nuclear power energy and its risks in terms of technology are common. However, these rumors are sometimes exaggerated and not true. Our research question is what factors and variables have influence the rumors related to the Fukushima nuclear accident. We analyzed data collected through social survey (n = 1572). To measure the dependent variable, we asked respondents whether rumors related to the Fukushima nuclear accident were true or false, and the degree to which they trusted such rumors. We measured three factors in determining belief in rumors: psychometric paradigm, communication, and risk perception. We then analyzed the direct impact of these three factors on belief in rumors and the indirect moderating effect of perceived risk of the Fukushima nuclear accident on the relationship between psychometric factors and belief in rumors. Results show that in the communication factors, source credibility decreases belief in rumors whereas usefulness of information and receiver's ability increase it. All the psychometric variables have significant impacts on belief in rumors. Perceived benefit, trust, and knowledge decrease belief in rumors, and perceived risk and stigma increase it. Finally, the perceived risk of Fukushima accident plays a role of moderators between psychometric paradigm and belief in rumors.
Introduction
The Fukushima nuclear accident, which occurred in Japan in March 2011, changed people's attitudes toward nuclear power energy. Support for nuclear power has decreased in Japan as well as other countries. After examining the effect of the Fukushima disaster on public acceptance of nuclear energy in 42 countries, Kim et al. [1] reported that even people with a positive experience of nuclear power generation took on a considerably more negative attitude after the Fukushima disaster.
As this disaster significantly changed the public's perceived risk of nuclear power, public acceptance has significantly decreased [2] . Tsujikawa et al. [3] showed that public support for nuclear power decreased more in Japan than in other countries, with supportive opinions plummeting from 50% before the Fukushima accident to 37% after the event, and opposing opinions rising from 32% to 42%. Similar trends were observed in other countries. In Switzerland, Visschers and Siegrist [4] conducted a longitudinal survey study (n = 790) five months before and immediately after the Fukushima accident. They found that after the accident, acceptance of nuclear power energy was lower and public perception of this form of energy generation was more negative. After the Fukushima disaster, even those that had previously benefited from nuclear energy became considerably more negative in their attitude toward it [1] .
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Rumor Studies
Rumor studies have a long research history, which began with the analysis of thousands of rumors during World War II. Initial researches focused on the damaged morale and national safety issues caused by rumors intentionally disseminated by the enemy. In "A Psychology of Rumor", a seminal work in the field published in 1944, Robert Knapp [10] defined "rumor as a proposition for belief in a topical reference disseminated without official verification" (p. 22) . Defined as such, rumor is a specific case of informal social communication, including myth, legend, and current humor. It is distinguished from myth and legend by its emphasis on the topical. Where humor is designed to provoke laughter, rumor begs for belief. Furthermore, rumor is defined as the unverified and instrumentally relevant information statements in circulation that arise in contexts of ambiguity, danger, or potential threat and that function to help people make sense of and manage risk [11] (p. 13). Similarly, rumors are propositions or allegations colored by various shades of doubt, because they are not accompanied by corroborative evidence [12] (p. 4).
Rumors are related to various psychological factors. In their seminal research, Allport and Postman [13, 14] suggested a basic law of rumor: R = i × a. This indicates that rumor strength (R) varies according to information on the subject to the individual concerned (i) multiplied by the ambiguity of the evidence pertaining to the topic at hand (a). They postulated that the occurrence of rumors depends on the importance of issues for individuals and the degree of ambiguity underlying the rumor. Moreover, Rosnow [15] suggested that the generation and transmission of rumors result from an optimal combination of personal anxiety, general uncertainty, credulity, and outcome-relevant involvement.
Many rumor studies focus on psychological dimensions and dismiss macro-structural factors such as context or communication. Recently, rumor studies have shifted focus to the structural dimension of rumors. DiFonzo and Bordia [16] highlighted three macro dimensions of social discourse: context (the situation and/or psychological need out of which discourse arises), function (what people are trying to accomplish by becoming emerged in the discourse), and content (the types of statements uttered) (p. 213). Of these three dimensions, context concerns causal factors that influence or produce the rumor. According to DiFonzo and Bordia [16] , rumors arise from situational contexts that are ambiguous, threatening, or potentially threatening, wherein people feel a psychological need for understanding or security (p. 203). As such, in terms of threat, context is applicable to the Fukushima nuclear accidents. To increase the practical implications of theoretical rumor studies, empirical studies on rumors related to the Fukushima nuclear disaster are needed, but few have been conducted [6] .
What factors instigate belief in rumors? Our study focused on risk perception and communication factors, as these were the dominant paradigms in previous researches on risk perception and acceptance of nuclear power energy.
Risk Perception Paradigm vs. Risk Communication Model
Paul Slovic and his colleagues proposed the psychometric paradigm (i.e., the risk perception paradigm) in which risk is not an objective attribute but a subjective construct [17] . Therefore, the degree of risk depends on people's subjective judgment. This paradigm produced a "cognitive map" of hazards, identifying the characteristics of risk as having inherent attributes. In a seminal work on the psychometric paradigm, Fischhoff et al. [18] identified characteristics that increase perceived risk, one of which refers to dread and the unknown. The first invokes feelings of terror, catastrophe, inequality, and the uncontrolled. An unknown risk is new to people and science. Based on factor analysis, Slovic et al. [19] found that the 18 characteristics of risk could be reduced to three factors, namely dread, the unknown, and exposure. Moreover, they reported that a higher perceived risk and desire for regulation were related to items rated high on the dread factor, regardless of the objective, expected number of fatalities. The risk perception paradigm well explains the paradox of risk in which individual demonstrates higher perceived risk for risky events, even when their probability of occurrence is low. However, the risk perception paradigm dismissed the macro objective structure. Wildavsky [20] explained that the psychometric paradigm explains the differences within, not between, individual effects. This means that the paradigm does not consider the more contextual factors influencing individuals' perception.
Recently, a more advanced version of the risk perception paradigm focused on the causal relationships in specific risky objects, such as genetically modified organisms (GMO) [21] , nanotechnology [22] , and nuclear power energy [11] . In these studies, the main question prioritized those factors that increase or decrease the acceptance of risk objects, including perceived benefit, perceived risk, trust, stigma, and knowledge [1, 4] .
The risk communication paradigm is also important in risk studies. Generally, the traditional approach to risk communication is based on the communication model, which focuses on information transfer between sources, transmitters, and receivers. A message is composed by the communication source and sent to a transmitter. The transmitters decode or recode the message and send it to receivers, who decode the message and decipher its meaning [23] . This model was originally developed by Shannon and Weaver in 1949 [24] , and it is still used today to explain communication in social events and disasters.
Recently, more advanced studies applying traditional communication have been conducted. For example, Kasperson et al. [25] applied the communication model to risk studies, conceptualizing the social amplification of risk model. They suggested that information processes as well as institutional structure, social group behavior, and individual responses shape the social experience of risk as they elicit risk consequences. In this model, the socially amplified communication process follows a long path: risk event → event characteristics → information flow → interpretation and response → spread of impact → type of impact. This structural model demonstrates the overall pattern of communication, delineating the participants in and components of the communication process.
We proposed a comprehensive model that integrates the communication model and the psychometric theory. Why is such integration necessary? It is necessary because each theory on its own has weakness. First, while the communication model stresses receiver, message, and source, it fails to fully specify receiver's perception, which can be well explained by variables in the psychometric paradigm. On the other hand, the psychometric paradigm has the strength in explaining the variance of individual perception. However, it does not consider the structure and context of communication that influence the receiver's perception. The communication model provides an effective construct to identify such structure and context by focusing not only on actor but also other factors in the communication process.
Even though the risk perception paradigm and the risk communication model are similar in theoretical argument, they do differ, as shown in Table 1 . 
Risk Communication Model
Among the variables emphasized by the communication model, our research focused on source credibility, the quantity and quality of information, and the receiver's involvement and ability.
First, source credibility is a key factor in rumor judgment and refers to interpersonal trust, which relates to the perceived presence or absence of particular traits in the source [27] (p. 344). It is expected that a more credible source will reduce belief in rumors. After analyzing 1089 rumors from World War II, Knapp [10] showed a relationship between flourishing rumors and a credible source that portrayed validity. Porter's study [28] demonstrated strong relationships between the credibility of the rumor communicator and belief in negative rumors, and Liang et al. [29] showed that source credibility increases college students' belief in internet rumors related to consumption.
However, the source effect frequently depends on the source object. Trumbo and McComas [27] identified the effects of source credibility, finding that higher credibility of industry and the state elicits lower risk perception, whereas high credibility of citizen groups increases risk perception. Moreover, trust in the source decreases belief in rumors, while the credibility of the rumors facilitates it. As our study measured the former, we proposed in Hypothesis 1 that source credibility would reduce belief in rumors.
Second, the amount of information changed attitudes toward nuclear power. Rumors usually depend on the quantity of information, which conveys false or true contents. Certainly, rumors thrive on a lack of news. The volume of negative information usually facilitates belief in rumors [13] . As such, a high proportion of negative information in consumer reviews facilitates a conformity effect [30] .
Third, both the quantity and quality of information matter. A high-quality message is fundamental in persuasion: the higher the quality of a message, the more persuasive it is [31] . Different qualities have different impacts on belief in rumors. As such, various aspects of qualitative information exist, such as usefulness, exactness, and vividness. Our study focused on the usefulness of information. Rumors are information statements in circulation, which are perceived as useful by participants [16] . Most people believed the rumor in question because they found it useful to do so [32] . Negative rumors are a substitution for positive information. Generally, a rumor thrives when knowledge or useful information is lacking. Therefore, useful information for receivers decreases belief in rumors. Our measure of the usefulness of information focused on whether it contributes to the understanding of issues of nuclear power energy. Thus, our Hypothesis 1 was that increased understanding through useful information would decrease dependence on the rumor.
Fourth, receivers' involvement is a means of persuasion and judgment. The degree of involvement or relevance increases the engagement in judgment. In rumor studies, relevance is one variable of focus. Recently, Rosnow and Kimmel [33] (p. 122) defined rumor as an unverified proposition of belief that bears topical relevance for persons actively involved in its dissemination. Allport and Postman [10] postulated that "the amount of rumor circulation will vary with the importance of the subject to the individuals concerned" (p. 34). Petty and Cacciopo [34] showed that if messages obtained from the media have high personal relevance, they are judged with more scrutiny. Moreover, an empirical study by Liang et al. [29] demonstrated that involvement reduced belief in rumors. Our analysis focused on issue involvement. According to Petty and Cacioppo [35] , issue involvement concerns the extent to which the attitudinal issue under consideration is of personal importance. They explained that more issue involvement was associated with resistance to persuasion because it was related to an extended "latitude of rejection" (the attitudinal positions that a person finds unacceptable) (p. 1916).
Fifth, individuals' ability related to information affects their choices regarding informationprocessing methods [36] . For example, lower cognitive ability leads to heuristic, not systematic information processing [37] . This implies that a lower ability increases belief in rumors.
Hypothesis 1.
Source credibility, usefulness of information, and the receiver's involvement and ability decrease belief in rumors, whereas the quantity of negative information increases it.
Psychometric Paradigm
Rumor studies implicitly mention risk factors. Rumors spread in insecure, uncertain, and ambiguous situations. For example, DiFonzo and Bordia [16] argued that rumors arise in situational contexts that are threatening or potentially threatening and when people feel an acute need for security (p. 213). The threat may be tangible, when one's life is in danger. Uncertainty and anxiety naturally occur in ambiguous situations involving dreaded events. Uncertainty may lead to anxiety through a reduced sense of control [11] . Disaster always accompanies this insecurity, uncertainty, feeling threatened, and anxiety, all of which facilitate belief in rumors and are applicable in the Fukushima accident. Which factors facilitate belief in rumors about the Fukushima accident? We set the five variables of the psychometric paradigm-perceived risk and benefit, knowledge, trust, and stigma-because these have been extensively investigated in risk studies on nuclear power energy. Perceived benefit [4] , trust [4] , and knowledge [38, 39] increase acceptance of nuclear power energy, whereas perceived risk [2] [3] [4] and stigma [31, 32] decrease it. We assumed that such structural relationships between five variables and acceptance applied to belief in rumor. In the section below, we provide a hypothesis by connecting such five independent variables with belief in rumors.
First, perceived benefit and risk are key variables in determining the acceptance of nuclear power. Perceived risk and benefit demonstrate contrasting effects on the acceptance of nuclear power energy. The first decreases positive attitudes toward any object of nuclear power, while the second increases it. According to Visschers and Siegrist [4] , in Switzerland, the perceived benefit and risk determined the acceptance of nuclear power stations both before and after the Fukushima accident. Moreover, these two variables have a larger explanatory power: the perceived benefits before Fukushima correlated with perceived benefits after the accident. In Japan, Tsujkawa et al. [3] found that the perceived benefit had a weaker positive impact on public acceptance. Dread and fear might amplify rumors, while the positive benefits discount the negative effects of eroded belief.
Second, knowledge plays a role in increasing the acceptance of nuclear power energy. According to Kuklinski et al. [38] , more knowledge is less likely to oppose the operation and construction of nuclear power stations. Brown and White [39] indicated that the public does not understand the risk because they generally lack knowledge of nuclear power. Such previous studies emphasize that knowledge plays the role of enlightenment, decreasing biased or false beliefs. The deficit model is the most well-known model for explaining the role of knowledge in judgment. According to Dickson [40] , the deficit model argues that a lack of adequate knowledge about science mainly influences public skepticism toward modern science and technology. If given sufficient information about science and technology to overcome this lack of knowledge, the public could change its mind and make a better decision. Similarly, we assume that more knowledge will correct false or inaccurate beliefs, in other words, rumors.
Third, trust is a significant variable regarding the acceptance of nuclear power. This directly affects the perception of nuclear power energy. Based on a longitudinal study (n = 790) in Switzerland, Visschers and Siegrist [4] showed that trust affects benefit and risk perceptions and that trust before a disaster relates to trust after the Fukushima accident. In Japan, Tsujkawa et al. [3] indicated that after the Fukushima accident, trust in managing bodies, which depends on a pro-environmental orientation, influenced perceived risk. Moreover, Siegrist and Cvetkovich [41] verified that the role of trust depends on knowledge. When an individual lacks knowledge of hazards, social trust in the authorities managing the hazard influences the perceived risk and benefit. Our study measures trust in government, which should decrease belief in rumors.
Fourth, stigma refers to the negative affective image of the risk object. The affective values of these negative images predict the negative attitudes and behaviors related to nuclear power. Slovic et al. [42] highlighted that stigmatized nuclear images associated with Las Vegas and the State of Nevada might have adverse economic effects. Moreover, based on survey data, Peter and Slovic [43] demonstrated that affect based on a negative image is a significant factor in perceived risk. Logically, the negativity of a stigma and feeling might increase belief in rumors.
Based on previous researches, perceived risk and stigma increase negative attitudes toward nuclear power, while perceived benefit, trust, and knowledge increase positive attitudes. These directions can be applied to belief in rumors related to the Fukushima accident. Rumors about nuclear power energy have negative connotations, which convey less trust/benefit/knowledge and more risk/stigma. Therefore, negative causal variables-that is, perceived risk and stigma-to reduce the acceptance of nuclear power might increase belief in negative rumors, while positive variables-perceived benefit, trust, and knowledge-decrease it. Hence, we suggest the following hypothesis.
Hypothesis 2.
Perceived risk and stigma increase belief in rumors, whereas perceived benefit, trust, and knowledge decrease it.
Risk Perception of Fukushima Nuclear Accident
After the Fukushima nuclear accident, many studies found that the accident negatively affected attitudes toward nuclear power energy [1, 3, 4] . If there was a negative turn toward nuclear power, it can be logically deducted that the Fukushima accident increased both belief in rumors and other kinds of perception.
First, the Fukushima accident might have increased belief in rumors. Allport and Postman [13] suggested the basic law of rumor (rumor transmission = importance of the rumor multiplied by the ambiguity of the situation), which highlights the relationships between the importance of and uncertainty in rumor transmission. The Fukushima accident gave rise to extreme uncertainty, and many negative rumors emerged after this large-scale disaster. In a classic study on rumor by Prasad [44] , when the great earthquake occurred on 15 January 1934, in Bihar, India, many rumors spread in an unprecedented panic. He noted that a typical situation exacerbating the spread of popular rumors is one that (a) creates an emotional disturbance, (b) is uncommon and unfamiliar, (c) contains many aspects unknown to the individuals affected, (d) contains several unverifiable factors, and (e) is of group interest (p. 5). These situational characteristics match those of the Fukushima nuclear accident. Therefore, as the perceived risk of the Fukushima accident increases, so too does belief in rumors.
Second, several studies [1, 3, 4, 45, 46] indicated that the Fukushima nuclear accident influenced perceptions of perceived risk or benefit, trust, and stigma. Yamamura [46] showed that experience of a technological disaster, not a natural one, affected the perceived risk of nuclear accidents after the Fukushima nuclear disaster. Visschers and Siegrist [4] discovered the negative turn of trust toward nuclear power after the Fukushima accident. Also identified was a decrease in trust in nuclear and environmental organizations as well as pronuclear attitudes [46] .
The abovementioned findings suggest that the Fukushima accident might have increased belief in rumors and shifted perceptions. These two effects suggest the possible moderating role of risk perception in the Fukushima accident. Therefore, we hypothesized that the perceived risk of the Fukushima accident moderates the relationship between perception (perceived risk and benefit, trust, knowledge, and stigma) and belief in rumors.
Hypothesis 3.
The Fukushima accident increases belief in rumors and moderated the relationship between perception (perceived risk and benefit, trust, knowledge, and stigma) and belief in rumors.
Data and Measures
Our study was based on survey data (n = 1572). To ensure the random sample of the Korean people, survey respondents were selected through a proportional quota sampling method. Data was collected by web survey, from 13 to 21 April 2016. To meet the quota in gender, age and region, 17,578 e-mail survey questionnaires in total were distributed through web survey management system. Of these, 5983 opened the e-mail, 2569 participated the survey, and 1572 respondents completed it (26.3% response rate).
Respondents consisted of 813 (51.7%) males and 759 (48.3%) females. Of the sample, 15.0% (n = 236) were high school graduates or below, 70.5% (n = 1108) were attending university, and 14.5% (n = 228) were graduates. The mean age was 43.26 years.
Our study used the Fukushima accident as a case for theory building. To build a theory by case studies, it is necessary to first choose an appropriate case for theory testing. In the hypothesis-testing contributions by case studies, Eckstein [47] emphasized selecting a crucial case based on most/least likely case designs. The Fukushima accident was the best case for testing the theory of belief in rumors since there were various rumors not proved surrounding the disaster. Second, for generalizing the findings from case studies, a hypothesis or proposition is needed for testing the theory. Accordingly, after constructing our hypotheses from the communication model and the psychometric model, we tested them. Yin [48] suggested analytic generalization, in which a previously developed proposition is used as a template with which to compare the empirical results of the case study. Among various types of case studies, we adopted the type of theory-confirming and theory-infirming case study, which analyzes a single case within the framework of established generalization. If the case study is of the theory-confirming type, it strengthens the proposition in question (p. 65) [49] .
Belief in rumors refers to the confidence of people in the truth of a rumor [11] . We measured belief in rumors by compositing two variables: multiplying the number of true/false statements as related to six specific rumors by the degree of confidence in the general statement related to rumors.
About true/false statements, we provided respondents with six rumors related to the Fukushima accident. One example was that when the Fukushima nuclear accident occurred, the Canadian and Australian embassies stopped issuing visas to Japanese people. All six rumors were false. We asked respondents to judge whether the rumors were true or false and to indicate their response on a five-point scale ("1 = definitely true" vs. "5 = definitely false").
Regarding the general statements about rumors, we asked respondents to provide their personal opinions about two statements about rumors: "I think that the rumors about nuclear power on the Internet are almost all true" and "Most negative rumors about nuclear power, which we see on the Internet, are factually true". Responses were measured on a five-point scale, where "1 = strongly disagree" and "5 = strongly agree".
Other measures of the independent variables are shown in Table 2 . Except stigma, all measures used a five-point scale where 1 = strongly disagree and 5 = strongly agree. Stigma was measured by evaluating five pairs of affect adjectives (1 = clean and 5 = dirty). After thinking about nuclear power, respondents read the adjectives and checked the points closest to their thoughts. We composited the scale by averaging related items. Before compositing the scale, we tested reliability based on Cronbach's α. Cronbach's α for all measures was higher than 60. Table 2 . Measures and reliability.
Variable Item Reliability
Perceived Benefit Nuclear power energy will contribute to solving current climate change problems. 0.835 Nuclear power energy will solve environmental problems. Nuclear power energy is cheap and provides stability. Nuclear power contributes to economic development.
Perceived Risk I personally feel threatened by nuclear power.
0.781
Nuclear power produces hazardous waste. Nuclear power is harmful to people's health. Nuclear power stations are dangerous. The nuclear power stations in our country operate safely ® .
Knowledge I know the organization that regulates the safety of nuclear power. 0.893 I know to some extent the law regarding safety regulations on nuclear power. I can explain the issues pertaining to nuclear power to other people. I know the policy on and issues related to nuclear power. 
Source Credibility
The government provides ( 1 trustworthy, 2 exact, 3 fact-based objective, 4 fair, 5 valid, 6 expertise) information on nuclear safety and regulation. 0.954
Usefulness of Information
Information gathered from the Internet is helpful in understanding issues pertaining to nuclear power. 0.861 Information about nuclear power obtained from the Internet helps in understanding the main problem of nuclear power.
Receiver's Involvement I am interested in nuclear-related disputes on the Internet. 0.865 I am usually engrossed in debates on nuclear issues on the Internet.
Receiver's Ability I have the ability to transmit information about nuclear power through the Internet.
0.096 I can transfer information related to nuclear power energy as I want.
Analysis
To obtain descriptive statistics, we calculated the correlation coefficient, mean, and standard deviation (SD), as shown in Table 3 . In Table 3 , the first column shows the relationships between belief in rumors and the other variables in this study. Belief in rumors has a statistically significant positive relationship with the perceived risk of the Fukushima accident. Among the coefficients in the second column, belief in rumors has the largest correlation coefficient with the Fukushima accident, implying that the disaster is a critical event that reinforced this belief.
For the communication variables, belief in rumors demonstrated a negative relationship with source credibility and a positive relationship with quantity of information, usefulness of information, and the receiver's involvement and ability. Source credibility has the largest coefficient. However, the receiver's involvement and ability demonstrated a very weak relationship with belief in rumors. These findings imply that source credibility is more important than that of the receiver, as confirmed by Ryu and Kim [50] . Source credibility has a negative impact on belief in rumors, which indicates that if respondents trust those who provide the information, they tend to not believe rumors.
Noteworthy is the negative relationship between quantity of information and belief in rumors, because generally, more information eliminates suspicion of facts. Findings did not confirm our hypothesized direction of relationships. This negative relationship may be attributed to the content of the information. When the Fukushima accident occurred, more negative than positive information was disseminated worldwide. Such negative information might facilitate belief in rumors.
The usefulness of information, in other words, the qualitative aspect, is positively related to belief in rumors. This implies that when a disaster occurs, the usefulness of information increases negative biases and rumors about the event. It is noticeable that the quantity of information has a larger coefficient with belief in rumor than does the qualitative usefulness attributes of information.
We expected a negative relationship between the receiver's involvement and belief in rumors, as previous research [34] indicated that when people perceive high personal relevance with a message, they judge it with more scrutiny. Scrutiny filters unconfirmed information, in this case, the rumors related to the Fukushima accident. However, the correlation coefficients contrast with the expectation, indicating a positive relationship between involvement and belief in rumors. Possibly, this result reflects that people's interests and orientations in the case of the Fukushima accident are usually negatively oriented, because a negative climate dominates this situation at the time.
Ability demonstrated a positive relationship with belief in rumors. While we expected a cognitive check based on ability, the results indicated a different role. Confidence in one's competence seems to increase the biased adoption of unverified rumors.
For variables of the psychometric paradigm, perceived risk and emotion have a positive relationship with belief in rumors, while perceived benefits, trust, and knowledge showed a negative relationship. The direction of association follows the prediction in Hypothesis 2, implying that the psychometric variables may be better reliable measures to predict belief in rumors than the communication factors. Moreover, excepting knowledge, the correlation coefficients for all variables in the psychometric paradigm are similar (−0.322, 0.367, −0.316, and 0.333).
Across the psychometric and communication factors, perceived risk has the largest coefficient with belief in rumors, followed by emotion and trust. These results indicate that the psychometric variables more effectively explain belief in rumors than the communication variables.
Next, we examined the causal impact of the three factors on belief in rumors through a regression analysis. Table 4 provides the results of the regression analysis. The dependent variable was the degree of belief in rumors, and there were 15 independent variables. To determine the effect of three factors, we controlled for gender, age, education, and household income. The results indicate that gender and age take a contrasting role in belief in rumors: gender (female) increases belief in rumors, while a higher age decreases it. In risk studies, since females are considered more vulnerable to risk than males, they generally demonstrate a more risk-averse attitude. Based on a meta-analysis, Byrnes et al. [51] reported that males tend to take more risks. Regarding the effect of age, in the field of conspiracy theory, Goertzel [52] showed that young people were slightly more likely to believe in conspiracies. Therefore, a reasonable hypothesis is that females and younger people are more likely to express a strong belief in rumors. Our data support this hypothesis.
Furthermore, education decreases belief in rumors, because it elicits a more logical review of these rumors. Pasek et al. [53] showed that education significantly decreases misbelief in fact. Among individuals who graduated from college, 11.8% asserted that Mr. Obama was born abroad and 84.5% that he was born in the United States. Conversely, more than one-third of the individuals who did not graduate from high school did not believe Mr. Obama was born in the United States (35.4%). These differences were statistically significant (p < 0.0012).
For the communication factors, higher source credibility lowers belief in rumors. Our study measured source credibility in terms of the general positive attributes of a source, namely that the source is trustworthy, exact, fact-based, fair, valid, and considered an expert. As such, even when a negative accident occurs, belief in rumors decreases when people trust in and consider the source positively.
The quantity of negative information was not significant, although the usefulness of information, a qualitative attribute, appears significant, discounting the amount of information. However, Allport and Postman [13] contested this result, arguing that the quantity of negative information facilitates belief in rumor.
The usefulness of information increases belief in rumors. We hypothesized that the usefulness of information in terms of receivers would decrease belief in rumors. However, our results differed from our expectations. When an accident occurs, the usefulness of information tends to exacerbate, not buffer, the spread of negative rumor. As such, the usefulness of information did not seem to filter false information.
Among the receiver variables, personal involvement did not have a significant effect on belief in rumors, while the receiver's ability increased belief in rumors. Involvement and ability are assumed to filter unconfirmed information, shrinking the power of rumors. However, our results reject this hypothesis. The role of ability differed from what we expected. Such a result might be due to the fact that we focused on measuring respondents' ability to transmit information, not to screen it. The ability to transmit information is neutral, because it does not imply screening inaccurate information, but transferring it. The reduced cognitive ability required for transmission in measurement seems to increase belief in rumors.
Among the variables in the psychometric paradigm, perceived risk and emotion pertaining to nuclear power increase belief in rumors, whereas perceived benefit, trust, and knowledge decrease it.
First, we assumed that perceived risk and benefit would have contrasting effects on belief in rumors. The former may amplify rumors while the latter may discount their negative effect. Our results confirm this contrasting role. In addition, the beta coefficient of each psychometric variable indicates that the largest variance of belief in rumor is explained by perceived risk, followed by perceived benefit. Perceived risk and benefit are the main variables to explain belief in rumor.
Second, trust in government decreased belief in rumors. Today, the public tends to regard the government as an actor involved in conspiracies under the bureaucratic tent. The public's suspicion of government reflects a low level of trust. Research by Goertzel [52] shows significant correlation (r = −0.37) between belief in conspiracies and trust. On the other hand, higher trust decreases the public's suspicion. Our results demonstrated the positive role of trust in belief in rumors.
Third, we hypothesized that knowledge decreases belief in rumors, because it corrects false or inaccurate beliefs. Our data confirmed this hypothesis. However, note that of the five psychometric variables, knowledge has the lowest beta coefficient value. This indicates that when rumors spread, emphasizing objective scientific facts is not the most effective strategy to reduce belief, despite our expectations.
Fourth, the analysis confirmed that a negative stigma increases belief in rumors. Stigma represents a negative affective feeling. Rumors spread easily in situations characterized by anxiety and ambiguity. Rosnow et al. [54] (p. 587) defined anxiety as a negative affective state produced by apprehension about an impending, potentially negative situation. The Fukushima accident seemed to instigate negative anxiety, reinforcing the negative stigma toward nuclear power and strengthening belief in rumors.
Finally, the fear of the Fukushima accident had a significant effect on belief in rumor. Of note is that both the generally perceived risk of nuclear energy in psychometric factor and the specific perceived risk of the Fukushima accident explain large variance in belief in rumors. This implies that besides existing perceived risk about nuclear energy, the Fukushima accident was a powerful event that greatly affected people's distrust and dread. The remarkable explanatory power of the Fukushima accident is observed in the standardized coefficients. As such, risk perception of the Fukushima accident is the most powerful variable in explaining the variance in belief in rumors, followed by perceived risk and benefit, gender, and emotion.
To determine the explanatory power of four factors, we regressed each factor on belief in rumor. The F-value and F-Value, R 2 , and Adjusted R 2 appear in the last four rows in Table 4 . The data indicate that psychometric factors (F3) explain 20.7% of the variance, and the Fukushima accident 16.7%. Considering that the former comprises numerous variables and the latter constitutes one variable, the risk perception of Fukushima greatly influenced belief in rumors. Sociodemographic and communication factors have little explanation power.
Besides the direct effect of risk perception of Fukushima accident on belief in rumor, does this risk perception influence the relationships between psychometric variable and belief in rumor?
To determine the moderating effect of risk perception of the Fukushima accident, we input the interaction terms (i.e., each psychometric variable multiplied by the moderator, or the perceived risk of the Fukushima accident) into the existing model. To confirm the moderating effect, we followed the procedure suggested by Baron and Kenny [55] .
As shown in the Appendix A, five moderating terms were statistically significant. The original relationships remained stable after adding the interaction terms. We also executed a simple slope test to determine whether risk perception of the Fukushima accident had a significant role as moderator when it had a low, medium, or high value (see the Appendix A). The moderating effect is depicted in Figures 1-5 , in which the X-axis represents the five independent variables and the Y-axis belief in rumors.
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in Figures 1-5 , in which the X-axis represents the five independent variables and the Y-axis belief in rumors. in Figures 1-5 , in which the X-axis represents the five independent variables and the Y-axis belief in rumors. in Figures 1-5 , in which the X-axis represents the five independent variables and the Y-axis belief in rumors. Figure 1 shows that perceived benefit reduces belief in rumors. However, this effect depends on the perceived risk of the Fukushima nuclear accident, which weakens the power of perceived benefit to decrease belief in rumors. Figure 2 indicates that perceived risk generally increases belief in rumors. This effect is facilitated when the perceived risk of the Fukushima accident is higher. Notably, general perceived risk is reinforced by specific perceived risk. Figure 3 demonstrates the moderating effect of perceived risk of the Fukushima accident on the relationship between trust and belief in rumors. Trust decreases belief in rumors more rapidly when the perceived risk increases. Thus, the negative relationship between trust and belief in rumors is strong when the perceived risk of the Fukushima accident is higher. This indicates that trust is an important positive factor that blocks the diffusion of unfiltered false information. Figure 4 shows the moderating effect of the Fukushima accident on the relationship between knowledge and belief in rumors. More knowledge usually reduces belief in rumors. This effect is facilitated when the level of perceived risk of the Fukushima accident is lower. Figure 5 demonstrates that higher emotion increases belief in rumors when perceived risk of the Fukushima accident is higher. Thus, the positive relationship between emotion and belief in rumors is stronger when the perceived risk of the Fukushima accident is higher.
In short, higher risk perception of the Fukushima accident facilitates the effects of perceived risk, trust, and emotion on belief in rumors and buffers the effect of knowledge.
Results and Discussion
Our analysis examined the role of three factors that influence belief in rumors. In particular, we compared the effect of risk perception of Fukushima accident with that of the variables constituting two factors-the psychometric paradigm and communication. In risk studies, the psychometric paradigm focuses on perceived benefit, perceived risk, trust, stigma, and knowledge. On the other hand, the communication model focuses on source credibility, the quantity/usefulness of information, and the receiver's involvement and ability. Since these two models have mainly explained the variance in risk judgement and process, it is meaningful to examine the effect of risk Figure 1 shows that perceived benefit reduces belief in rumors. However, this effect depends on the perceived risk of the Fukushima nuclear accident, which weakens the power of perceived benefit to decrease belief in rumors. Figure 2 indicates that perceived risk generally increases belief in rumors. This effect is facilitated when the perceived risk of the Fukushima accident is higher. Notably, general perceived risk is reinforced by specific perceived risk. Figure 3 demonstrates the moderating effect of perceived risk of the Fukushima accident on the relationship between trust and belief in rumors. Trust decreases belief in rumors more rapidly when the perceived risk increases. Thus, the negative relationship between trust and belief in rumors is strong when the perceived risk of the Fukushima accident is higher. This indicates that trust is an important positive factor that blocks the diffusion of unfiltered false information. Figure 4 shows the moderating effect of the Fukushima accident on the relationship between knowledge and belief in rumors. More knowledge usually reduces belief in rumors. This effect is facilitated when the level of perceived risk of the Fukushima accident is lower. Figure 5 demonstrates that higher emotion increases belief in rumors when perceived risk of the Fukushima accident is higher. Thus, the positive relationship between emotion and belief in rumors is stronger when the perceived risk of the Fukushima accident is higher.
Our analysis examined the role of three factors that influence belief in rumors. In particular, we compared the effect of risk perception of Fukushima accident with that of the variables constituting two factors-the psychometric paradigm and communication. In risk studies, the psychometric paradigm focuses on perceived benefit, perceived risk, trust, stigma, and knowledge. On the other hand, the communication model focuses on source credibility, the quantity/usefulness of information, and the receiver's involvement and ability. Since these two models have mainly explained the variance in risk judgement and process, it is meaningful to examine the effect of risk perception of the Fukushima accident on belief in rumors when controlling for these factors. Second, to know the effect of the Fukushima accident, we explored its moderating role in the relationship between psychometric paradigm and belief in rumors. Results showed that Hypotheses 1 and 3 are fully supported and Hypothesis 2 is partially confirmed. Next, we summarize and describe the implications of our findings.
First, among the sociodemographic variables, gender (female) increases belief in rumors, whereas age (older) decreases it. As females tend to be risk-averse, they have a higher risk perception, which may influence respondents' dependence on rumors. Because younger people are likely to believe in unconfirmed stories such as conspiracy theories, they have a stronger belief in rumors than older people. However, few studies examine the effects of gender and age in rumor studies, and therefore, such interpretations need more validation in the future.
Second, the communication factors partially support Hypothesis 1. Higher source credibility lowers belief in rumors. Of the communication variables, source credibility has the largest beta coefficient value, indicating that trust in those who deliver information on nuclear power plays a critical role in determining the belief in rumors. This means that source credibility is best instrument to reduce belief in rumor.
Next, the quantity of information was not significant, although the usefulness of information had a significant effect. These results imply that the quantity of information is not as important as qualitative attributes in terms of belief in rumors. Moreover, the receiver's high ability, not personal involvement, decreases belief in rumors. This is in contrast to our hypothesis. These results may reflect our measures, which focus only on ability of transmission. Moreover, such results might have come from both varieties of sources and complex reality of community, which cannot be explained by a simple mechanistic model. Therefore, it needs the advanced communication model beyond Kasperson's simple model. Today, new social media creates a new environment that people have never experienced. As social media becomes a major force that changes reality, the influence of tradition media is gradually disappearing. Social construction by media changed the reality. Recently, several theoretical models were invented to explain the more interactive and dynamic communication under the new environment of internet or social media. According to Situational Crisis Communication Theory (SCCT, by Liu et al. [56] ) or Networked Crisis Communication Model (NCCM, by Schultz, Utz, and Glocka [57] ), social media creators did not simply forward the messages from traditional media but create and spread their own versions of the crisis. Moreover, the Social-Mediated Crisis Communication (SMCC) model explains how organizations may best communicate with public as well as how public transmits information during crises [58] .
During the Fukushima disaster, social media produced a lot of information. Friedman [59] showed that the Internet made an enormous amount of information on Fukushima available, far more than was provided by the media during the Three Mile Island and Chernobyl accidents. Moreover, citizens actively participated in blogs and on Facebook, Twitter, and YouTube, exchanging views and directing others to important news articles or videos. Based on network analysis of over 300 million tweets after the 2011 Japan earthquake, Toriumi et al. [60] found an abrupt increase in degree distribution of information by Twitter directly after the earthquake. Moreover, based on media system dependency theory, Jung [61] surveyed Japanese university students after the Fukushima accident. This study showed that the use and type of social media influenced people's attitude toward the Fukushima accident. However, authorities' communication strategies did not follow up such trends of social media. Ng and Lean [62] argued that amid the clear crisis of Fukushima, the potential of social media was not fully tapped. This resulted in undue stress and distrust of authorities, in particular, altering the level of trust in them.
Third, the psychometric paradigm fully supports Hypothesis 2. All the psychometric variables have significant impacts on belief in rumors. As such, perceived benefit, trust, and knowledge decrease belief in rumors, and perceived risk and stigma increase it. Of the five psychometric variables, perceived risk is the most powerful explanatory factor to predict belief in rumors, followed by perceived benefit, trust, knowledge, and emotion. Alhakami and Slovic [63] reported a robust inverse relationship between perceived risk and benefit. The correlation efficient in our analysis confirms this inverse relationship (−0.34 ***). Those findings proposed that to reduce rumor, researchers and the government should focus on strategies to enhance perceived benefit and reduce perceived risk.
Fourth, our analysis revealed a significant impact of risk perception of the Fukushima accident on belief in rumors. Here, perceived risk positively influenced belief in rumors. This effect emerged when controlling for other perception and communication factors. Furthermore, the standardized beta coefficient of perceived risk of the Fukushima accident is the largest among the independent variables. This indicates that the Fukushima accident is a pivotal event that negatively influences people's perceptions of nuclear power energy and belief in rumors. When an unprecedented disaster occurs, unconfirmed rumors are usually diffused and consumed. Our findings confirmed the theoretical argument of DiFonzo and Bordia [11] (p. 203) that rumors arise from ambiguous, threatening, or potentially threatening situational contexts in which people feel a psychological need for understanding or security.
Finally, we confirmed the moderating effect of risk perception of the Fukushima accident on the relationships between psychometric variables and belief in rumors. We analyzed these relationships, because no other studies have investigated the moderating role of risk perception of the Fukushima accident. We found that a higher perceived risk of the Fukushima accident facilitated the effect of perceived risk, perceived benefit, trust, and emotion on belief in rumors, and buffered the negative impact of knowledge. Moreover, perceived risk and emotion increased belief in rumors when the perceived risk of Fukushima accident was considered, but perceived benefit and trust decreased when the perceived risk entered the equation.
Today, all of the risk communication theories and models are evolving because of rapid and profound changes in the communication environment. Old, simple model cannot explain the present complex reality of communication. If possible, we expected that our findings contribute to clarifying the theoretical or practical issue of communicaiton today. Our research suggests that belief in rumors increases when an external social event such as the Fukushima accident and the internal mindset such as the structure of perception are combined. The shift in belief in rumors originates in everyday perception and depends on an unprecedented disaster. Therefore, we need more elaborate strategies to eliminate rumors. DiFonzo et al. [12] proposed strategies for preventing and neutralizing rumors. Preventing rumors entails reducing their generation, credulity, and dissemination, while neutralizing them entails ignoring, confirming, commenting on, or refuting rumors. Our findings provide insight into neutralizing rumors, decreasing perceived risk and negative information, and increasing source credibility, perceived benefit, trust, and knowledge.
Our results lead to several practical strategies for managing rumors, aimed at reducing belief in rumor through effective formal communications and increased certainty of information. To achieve more effective communication, the information needs enhanced source credibility and trust, the role of which we confirmed in the context of the Fukushima accident. For effective communication, the WHO outbreak communication guidelines stressed five key points in crisis outbreak: (1) build, maintain, or restore trust; (2) announce early; (3) be transparent; (4) understand the public; and (5) incorporate risk communication into preparedness planning. All of these require the authorities' effort and action for speedy implementation. 
